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BITSTREAM BUFFER MANIPULATION WITH A SIMD MERGE INSTRUCTION 



[0001] This patent application is a Continuation In Part of U.S. Patent Application No. 
10/280,51 1, entitled "Method And Apparatus For Parallel Shift Right Merge Of Data", 
filed October 25, 2002, which is a Continuation In Part of U.S. Patent Application No. 
09/952,891, entitled "An Apparatus And Method For Efficient Filtering And Convolution 
Of Content Data", filed October 29, 2001. 

FIELD OF THE INVENTION 

[0002] The present disclosure pertains to the field of processing apparatuses and 
associated software and software sequences that perform mathematical operations. 
DESCRIPTION OF RELATED ART 

[0003] As processor technology advances, newer software code is also being generated 
to run on machines with these processors. Users generally expect and demand higher 
performance from their computers regardless of the type of software being used. One such 
issue can arise from the kinds of instructions and operations that are actually being 
performed within the processor. Certain types of operations require more time to complete 
based on the complexity of the operations and/or type of circuitry needed. This provides an 
opportunity to optimize the way certain complex operations are executed inside the 
processor. 

[0004] The display of images, as well as playback of audio and video data, which is 
collectively referred to as content, have become increasingly popular applications for 
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current computing devices. Filtering and convolution operations are some of the most 
common operations performed on content data, such as image audio and video data. Such 
operations are computationally intensive, but offer a high level of data parallelism that can 
be exploited through an efficient implementation using various data storage devices, for 
example, single instruction multiple data (SIMD) registers. A number of current 
architectures also require unnecessary data type changes which minimizes instruction 
throughput and significantly increases the number of clock cycles required to order data for 
arithmetic operations. 

[0005] In communicating various types of data, especially for audio/video, 
compression and encoding is heavily used to reduce the enormous amount of data to 
something more manageable. If the code is comprised of fixed length pieces, an algorithm 
for decoding and handling the code can be optimized as the code pieces are predictable. 
However, with variable length codes, the situation is more complex. The code for each 
symbol has to be properly recognized and decoded. Additional complexities are also 
introduced with variable length codes due to the bit granularity of symbols and the large 
possibility that these symbols do not align with a more manageable byte boundary. 
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BRIEF DESCRIPTION OF THE FIGURES 



[0006] The present invention is illustrated by way of example and not limitation in the 

Figures of the accompanying drawings, in which like references indicate similar elements. 

[0007] Figure 1 A is a block diagram of a computer system formed with a processor 

that includes execution units to execute a SMD instruction for a parallel shift merge 

operation in accordance with one embodiment of the present invention; 

[0008] Figure IB is a block diagram of another exemplary computer system in 

accordance with an alternative embodiment of the present invention; 

[0009] Figure 1C is a block diagram of yet another exemplary computer system in 

accordance with another alternative embodiment of the present invention; 

[0010] Figure 2 is a block diagram of the micro-architecture for a processor of one 

embodiment that includes logic circuits to perform shift merge operations in accordance 

with the present invention; 

[0011] Figure 3A illustrates various packed data type representations in multimedia 

registers according to one embodiment of the present invention; 

[0012] Figure 3B illustrates packed data-types in accordance with an alternative 

embodiment; 

[0013] Figure 3C illustrates one embodiment of an operation encoding (opcode) 
format; 

[0014] Figure 3D illustrates an alternative operation encoding (opcode) format; 
[0015] Figure 3E illustrates yet another alternative operation encoding format; 
[0016] Figure 4A is a block diagram of one embodiment of logic to perform a SIMD 
parallel shift merge operation on data operands in accordance with the present invention; 
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[0017] Figure 4B is a block diagram of another embodiment of logic to perform a shift 
right merge operation; 

[0018] Figure 5 A illustrates the operation of a parallel shift merge instruction in 
accordance with a first embodiment of the present invention; 
[0019] Figure 5B illustrates the operation of a shift right merge instruction in 
accordance with a second embodiment; 

[0020] Figure 6A is a flowchart illustrating one embodiment of a method to shift and 
merge data operands; 

[0021] Figure 6B is a flowchart illustrating another embodiment of a method to shift 
right and merge data; 

[0022] Figure 7A illustrates an operation for a bitstream buffer manipulation with a 
SIMD merge instruction in accordance with one embodiment of the present invention; 
[0023] Figure 7B further illustrates the operation from Fig, 7A for a bitstream buffer 
manipulation in accordance with the present invention; and 

[0024] Figures 8A-C are flowcharts illustrating one embodiment of a method to 
manipulate a bitstream buffer with a SIMD merge instruction. 
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DETAILED DESCRIPTION 
[0025] The following description describes embodiments of a method for bitstream 
buffer manipulation with a SIMD merge instruction. In the following description, 
numerous specific details such as processor types, micro-architectural conditions, events, 
enablement mechanisms, and the like are set forth in order to provide a more thorough 
understanding of the present invention. It will be appreciated, however, by one skilled in 
the art that the invention may be practiced without such specific details. Additionally, 
some well known structures, circuits, and the like have not been shown in detail to avoid 
unnecessarily obscuring the present invention. 

[0026] Although the following embodiments are described with reference to a 
processor, other embodiments are applicable to other types of integrated circuits and logic 
devices. The same techniques and teachings of the present invention can easily be applied 
to other types of circuits or semiconductor devices that can benefit from higher pipeline 
throughput and improved performance. The teachings of the present invention are 
applicable to any processor or machine that performs data manipulations. Moreover, the 
present invention is not limited to processors or machines that perform 256 bit, 128 bit, 64 
bit, 32 bit, or 16 bit data operations and can be applied to any processor and machine in 
which manipulation of packed data is needed. 

[0027] In the following description, for purposes of explanation, numerous specific 
details are set forth in order to provide a thorough understanding of the present invention. 
One of ordinary skill in the art, however, will appreciate that these specific details are not 
necessary in order to practice the present invention. In addition, the following description 
provides examples, and the accompanying drawings show various examples for the 
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purposes of illustration. However, these examples should not be construed in a limiting 
sense as they are merely intended to provide examples of the present invention rather than 
to provide an exhaustive list of all possible implementations of the present invention. 
[0028] Although the below examples describe instruction handling and distribution in 
the context of execution units and logic circuits, other embodiments of the present 
invention can be accomplished by way of software. In one embodiment, the methods of 
the present invention are embodied in machine-executable instructions. The instructions 
can be used to cause a general-purpose or special-purpose processor that is programmed 
with the instructions to perform the steps of the present invention. The present invention 
may be provided as a computer program product or software which may include a machine 
or computer-readable medium having stored thereon instructions which may be used to 
program a computer (or other electronic devices) to perform a process according to the 
present invention. Alternatively, the steps of the present invention might be performed by 
specific hardware components that contain hardwired logic for performing the steps, or by 
any combination of programmed computer components and custom hardware components. 
Such software can be stored within a memory in the system. Similarly, the code can be 
distributed via a network or by way of other computer readable media. 
[0029] Thus a machine-readable medium may include any mechanism for storing or 
transmitting information in a form readable by a machine (e.g., a computer), but is not 
limited to, floppy diskettes, optical disks, Compact Disc, Read-Only Memory (CD-ROMs), 
and magneto-optical disks, Read-Only Memory (ROMs), Random Access Memory 
(RAM), Erasable Programmable Read-Only Memory (EPROM), Electrically Erasable 
Programmable Read-Only Memory (EEPROM), magnetic or optical cards, flash memory, a 
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transmission over the Internet, electrical, optical, acoustical or other forms of propagated 
signals (e.g., carrier waves, infrared signals, digital signals, etc.) or the like. Accordingly, 
the computer-readable medium includes any type of media/machine-readable medium 
suitable for storing or transmitting electronic instructions or information in a form readable 
by a machine (e.g., a computer). Moreover, the present invention may also be downloaded 
as a computer program product. As such, the program may be transferred from a remote 
computer (e.g., a server) to a requesting computer (e.g., a client). The transfer of the 
program may be by way of electrical, optical, acoustical, or other forms of data signals 
embodied in a carrier wave or other propagation medium via a communication link (e.g., a 
modem, network connection or the like). 

[0030] A design may go through various stages, from creation to simulation to 
fabrication. Data representing a design may represent the design in a number of manners. 
First, as is useful in simulations, the hardware may be represented using a hardware 
description language or another functional description language. Additionally, a circuit 
level model with logic and/or transistor gates may be produced at some stages of the design 
process. Furthermore, most designs, at some stage, reach a level of data representing the 
physical placement of various devices in the hardware model. In the case where 
conventional semiconductor fabrication techniques are used, data representing a hardware 
model may be the data specifying the presence or absence of various features on different 
mask layers for masks used to produce the integrated circuit. In any representation of the 
design, the data may be stored in any form of a machine readable medium. An optical or 
electrical wave modulated or otherwise generated to transmit such information, a memory, 
or a magnetic or optical storage such as a disc may be the machine readable medium. Any 
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of these mediums may "carry" or "indicate" the design or software information. When an 
electrical carrier wave indicating or carrying the code or design is transmitted, to the extent 
that copying, buffering, or re-transmission of the electrical signal is performed, a new copy 
is made. Thus, a communication provider or a network provider may make copies of an 
article (a carrier wave) embodying techniques of the present invention. 
[0031] In modem processors, a number of different execution units are used to process 
and execute a variety of code and instructions. Not all instructions are created equal as 
some are quicker to complete while others can take an enormous number of clock cycles. 
The faster the throughput of instructions, the better the overall performance of the 
processor. Thus it would be advantageous to have as many instructions execute as fast as 
possible. However, there are certain instructions that have greater complexity and require 
more in terms of execution time and processor resources. For example, there are floating 
point instructions, load/store operations, data moves, etc. 

[0032] As more and more computer systems are used in internet and multimedia 
applications, additional processor support has been introduced over time. For instance, 
Single Instruction, Multiple Data (SMD) integer/floating point instructions and Streaming 
SMD Extensions (SSE) are instructions that reduce the overall number of instructions 
required to execute a particular program task. These instructions can speed up software 
performance by operating on multiple data elements in parallel. As a result, performance 
gains can be achieved in a wide range of applications including video, speech, and 
image/photo processing. The implementation of SIMD instructions in microprocessors and 
similar types of logic circuit usually involve a number of issues. Furthermore, the 
complexity of SMD operations often leads to a need for additional circuitry in order to 
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correctly process and manipulate the data. 

[0033] Applications of coding and decoding operations are found in a wider array of 
image and video processing tasks and communications. One example of coding/decoding 
algorithms is used in processing of Motion Picture Expert Group (MPEG) video. Variable 
length encoding (VLC) and decoding (VLD) are used in various compression techniques 
and standards such as JPEG and MPEG. In variable length codes, the different symbols 
require a different numbers of bits. One operation in variable length decoding is to extract 
bits out of the bitstream before decoding the symbols. In order to extract a variable number 
of bits from the bitstream for a variable length symbol, the beginning of symbols have to be 
addressed by bits instead of bytes. However, addressing memory on a bit-wise level is 
difficult, data from the bitstream is sent to a temporary register first. The bits are then 
shifted around and manipulated to emulate bit addressability of the bitstream. 
[0034] Unfortunately, current methods and instructions target the general needs of 
variable length coding/decoding and are not comprehensive. In fact, many architectures do 
not support a means for efficient extraction of varying length data symbols. In addition, 
data ordering within data storage devices such as SIMD registers, as well as a capability of 
merging values in a register and for partial data transfers between registers, are generally 
not supported. As a result, current architectures require unnecessary data type changes 
which increases the number of clock cycles required to order data for arithmetic operations. 
A SIMD shift merge instruction can be useful in audio and video applications where large 
amounts of packed data are processed. For example, a single shift merge instruction of one 
embodiment is capable of replacing multiple instructions that would be needed to perform 
an equivalent data manipulation. By reducing the number of instructions needed, 
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throughput can be increased and processing resources such as registers and execution units 
freed up. 

[0035] Presently, a number of instructions are needed in order to perform the requisite 
data manipulation for extracting symbols. This can be especially tedious in cases where 
the symbols are of variable length. The complexity is further increased where the variable 
lengths are at a bit granularity versus a more manageable byte granularity. The use of a 
SIMD shift merge type of instruction in a VLD algorithm to extract symbols can help 
reduce the instruction count and code complexity. For instance, one decoding algorithm to 
generate the same results without a SIMD shift merge instruction uses more instructions 
that take up additional processing resources and pipeline slots to perform the functionality 
and work of a single shift merge instruction. As a result, VLD code that does not use a 
shift merge type of instruction can often be lengthier in terms of code size and slower in 
terms of execution. Furthermore, memory loads and data dependencies that are present in 
decoding loops of the VLD algorithms can also gate instruction processing as execution 
resources are stalled until the needed data is available. The use of a shift merge instruction 
can assist in freeing up resources not only by reducing the instruction count, but by 
simplifying memory loads from a data bitstream. 

[0036] Embodiments of the present invention provide a way to implement a bitstream 
buffer manipulation algorithm that makes use of SIMD instructions and related hardware. 
For one embodiment, the following algorithm illustrates how to extract n-bits for VLD. 
Data from a bitstream is directed into a temporary register. The correct number of bits are 
read out from the register for each symbol extracted. In one implementation, the symbol 
extraction involves copying the n-bits for the symbol to a general purpose register for 
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further use. Although the value n is used here generally, each symbol being extracted can 
have a different number of bits. Thus n can vary from symbol to symbol. For one 
embodiment, the algorithm and/or logic scans the symbol properties to determine the 
proper value for that current symbol. This extraction can continue until less than all of the 
n-bits needed for the next symbol are available in the register. So when the temporary 
register has less than n-bits, then read m-bits from the bitstream. The value of m is a 
multiple of eight in this embodiment and a number much larger than n. The newly read m- 
bits are merged into the temporary register with the bits of interest in the register that are 
still being processed. Embodiments of the present invention use a shift merge instruction 
in the VLD algorithm shift and merge data during management of the bitstream buffers. 
The n-bits for the next symbol are then from the temporary register using a bit-wise shift. 
[0037] Figure 1A is a block diagram of an exemplary computer system formed with a 
processor that includes execution units to execute an instruction for a shift merge operation 
in accordance with one embodiment of the present invention. System 100 includes a 
component, such as a processor 102 to employ execution units including logic to perform 
algorithms for process data, in accordance with the present invention, such as in the 
embodiment described herein. System 100 is representative of processing systems based 
on the PENTIUM® m, PENTIUM® 4, Xeon™, Itanium®, XScale™ and/or StrongARM™ 
microprocessors available from Intel Corporation of Santa Clara, California, although other 
systems (including PCs having other microprocessors, engineering workstations, set-top 
boxes and the like) may also be used. In one embodiment, sample system 100 may execute 
a version of the WINDOWS™ operating system available from Microsoft Corporation of 
Redmond, Washington, although other operating systems (UNIX and Linux for example), 



-12- 



Atty Docket No. 42P15766 



embedded software, and/or graphical user interfaces, may also be used. Thus, the present 
invention is not limited to any specific combination of hardware circuitry and software. 
[0038] The present enhancement is not limited to computer systems. Alternative 
embodiments of the present invention can be used in other devices such as handheld 
devices and embedded applications. Some examples of handheld devices include cellular 
phones, Internet Protocol devices, digital cameras, personal digital assistants (PDAs), and 
handheld PCs. Embedded applications can include a micro controller, a digital signal 
processor (DSP), system on a chip, network computers (NetPC), set-top boxes, network 
hubs, wide area network (WAN) switches, or any other system that performs merge 
operations on operands. Furthermore, some architectures have been implemented to enable 
instructions to operate on several data simultaneously to improve the efficiency of 
multimedia applications. As the type and volume of data increases, computers and their 
processors have to be enhanced to manipulate data in more efficient methods. 
[0039] Figure 1A is a block diagram of a computer system 100 formed with a 
processor 102 that includes one or more execution units 108 to perform an algorithm to 
manipulate a bitstream buffer with a SIMD shift merge instruction in accordance with the 
present invention. The present embodiment is described in the context of a single 
processor desktop or server system, but alternative embodiments can be included in a 
multiprocessor system. System 100 is an example of a hub architecture. The computer 
system 100 includes a processor 102 to process data signals. The processor 102 can be a 
complex instruction set computer (CISC) microprocessor, a reduced instruction set 
computing (RISC) microprocessor, a very long instruction word (VLIW) microprocessor, a 
processor implementing a combination of instruction sets, or any other processor device, 
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such as a digital signal processor, for example. The processor 102 is coupled to a 
processor bus 110 that can transmit data signals between the processor 102 and other 
components in the system 100. The elements of system 100 perform their conventional 
functions. 

[0040] In one embodiment, the processor 102 includes a Level 1 (LI) internal cache 
memory 104. Depending on the architecture, the processor 102 can have a single internal 
cache or multiple levels of internal cache. Alternatively, in another embodiment, cache 
memory can reside external to the processor 102. Other embodiments can also include a 
combination of both internal and external caches depending on the implementation. 
Register file 106 can store different types of data in various registers including integer 
registers, floating point registers, status registers, and instruction pointer register. 
[0041] Execution unit 108, including logic to perform integer and floating point 
operations, also resides in the processor 102. The processor 102 also includes a microcode 
(ucode) ROM that stores microcode for certain macroinstructions. For this embodiment, 
execution unit 108 includes logic to handle a packed instruction set 109. In one 
embodiment, the packed instruction set 109 includes a packed parallel shift merge 
instruction for joining together blocks of data. By including the packed instruction set 109 
in the instruction set of a general-purpose processor 102, along with associated circuitry to 
execute the instructions, the operations used by many multimedia applications may be 
performed using packed data in a general-purpose processor 102. Thus, many multimedia 
applications can be accelerated and executed more efficiently by using the full width of a 
processor's data bus for performing operations on packed data. This can eliminate the need 
to transfer smaller units of data across the processor's data bus to perform one or more 
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operations one data element at a time. Alternate embodiments of an execution unit 108 can 
also be used in micro controllers, embedded processors, graphics devices, DSPs, and other 
types of logic circuits. System 100 includes a memory 120. Memory 120 can be a 
dynamic random access memory (DRAM) device, a static random access memory (SRAM) 
device, flash memory device, or other memory device. Memory 120 can store instructions 
and/or data represented by data signals that can be executed by processor 102. 
[0042] A system logic chip 116 is coupled to the processor bus 110 and memory 120. 
The system logic chip 116 in the illustrated embodiment is a memory controller hub 
(MCH). The processor 102 can communicate to the MCH 116 via a processor bus 110. 
The MCH 116 provides a high bandwidth memory path 118 to memory 120 for instruction 
and data storage and for storage of graphics commands, data and textures. The MCH 116 
is to direct data signals between the processor 102, memory 120, and other components in 
the system 100 and to bridge the data signals between processor bus 110, memory 120, and 
system I/O 122. In some embodiments, the system logic chip 116 can provide a graphics 
port for coupling to a graphics controller 112. The MCH 116 is coupled to memory 120 
through a memory interface 118. The graphics card 112 is coupled to the MCH 116 
through an Accelerated Graphics Port (AGP) interconnect 114. 

[0043] System 100 uses a proprietary hub interface bus 122 to couple the MCH 116 to 
the I/O controller hub (ICH) 130. The ICH 130 provides direct connections to some I/O 
devices via a local I/O bus. The local I/O bus is a high-speed I/O bus for connecting 
peripherals to the memory 120, chipset, and processor 102. Some examples are the audio 
controller, firmware hub (flash BIOS) 128, wireless transceiver 126, data storage 124, 
legacy I/O controller containing user input and keyboard interfaces, a serial expansion port 
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such as Universal Serial Bus (USB), and a network controller 134. The data storage device 
124 can comprise a hard disk drive, a floppy disk drive, a CD-ROM device, a flash 
memory device, or other mass storage device. 

[0044] For another embodiment of a system, an execution unit to execute a shift merge 
instruction can be used with a system on a chip. One embodiment of a system on a chip 
comprises of a processor and a memory. The memory for one such system is a flash 
memory. The flash memory can be located on the same die as the processor and other 
system components. Additionally, other logic blocks such as a memory controller or 
graphics controller can also be located on a system on a chip. 

[0045] Figure IB illustrates an alternative embodiment of a data processing system 
140 which implements the principles of the present invention. One embodiment of data 
processing system 140 is an Intel® Personal Internet Client Architecture (Intel® PCA) 
applications processors with Intel XScale™ technology (as described on the world-wide 
web at developer.intel.com). It will be readily appreciated by one of skill in the art that the 
embodiments described herein can be used with alternative processing systems without 
departure from the scope of the invention. 

[0046] Computer system 140 comprises a processing core 159 capable of performing 
SMD operations including a shift merge. For one embodiment, processing core 159 
represents a processing unit of any type of architecture, including but not limited to a 
CISC, a RISC or a VLIW type architecture. Processing core 159 may also be suitable for 
manufacture in one or more process technologies and by being represented on a machine 
readable media in sufficient detail, may be suitable to facilitate said manufacture. 
[0047] Processing core 159 comprises an execution unit 142, a set of register file(s) 
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145, and a decoder 144. Processing core 159 also includes additional circuitry (not shown) 
which is not necessary to the understanding of the present invention. Execution unit 142 is 
used for executing instructions received by processing core 159. In addition to recognizing 
typical processor instructions, execution unit 142 can recognize instructions in packed 
instruction set 143 for performing operations on packed data formats. Packed instruction 
set 143 includes instructions for supporting data merge operations, and may also include 
other packed instructions. Execution unit 142 is coupled to register file 145 by an internal 
bus. Register file 145 represents a storage area on processing core 159 for storing 
information, including data. As previously mentioned, it is understood that the storage area 
used for storing the packed data is not critical. Execution unit 142 is coupled to decoder 
144. Decoder 144 is used for decoding instructions received by processing core 159 into 
control signals and/or microcode entry points. In response to these control signals and/or 
microcode entry points, execution unit 142 performs the appropriate operations. 
[0048] Processing core 159 is coupled with bus 141 for communicating with various 
other system devices, which may include but are not limited to, for example, synchronous 
dynamic random access memory (SDRAM) control 146, static random access memory 
(SRAM) control 147, burst flash memory interface 148, personal computer memory card 
international association (PCMCIA)/compact flash (CF) card control 149, liquid crystal 
display (LCD) control 150, direct memory access (DMA) controller 151, and alternative 
bus master interface 152. In one embodiment, data processing system 140 may also 
comprise an I/O bridge 154 for communicating with various I/O devices via an I/O bus 
153. Such I/O devices may include but are not limited to, for example, universal 
asynchronous receiver/transmitter (UART) 155, universal serial bus (USB) 156, Bluetooth 
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wireless UART 157 and I/O expansion interface 158. 

[0049] One embodiment of data processing system 140 provides for mobile, network 
and/or wireless communications and a processing core 159 capable of performing SIMD 
operations including a shift merge operation. Processing core 159 may be programmed 
with various audio, video, imaging and communications algorithms including discrete 
transformations such as a Walsh-Hadamard transform, a fast Fourier transform (FFT), a 
discrete cosine transform (DCT), and their respective inverse transforms; 
compression/decompression techniques such as color space transformation, video encode 
motion estimation or video decode motion compensation; and modulation/demodulation 
(MODEM) functions such as pulse coded modulation (PCM). 

[0050] Figure 1C illustrates yet alternative embodiments of a data processing system 
capable of performing SIMD shift merge operations. In accordance with one alternative 
embodiment, data processing system 160 may include a main processor 166, a SIMD 
coprocessor 161, a cache memory 167, and an input/output system 168. The input/output 
system 168 may optionally be coupled to a wireless interface 169. SIMD coprocessor 161 
is capable of performing SIMD operations including data merges. Processing core 170 
may be suitable for manufacture in one or more process technologies and by being 
represented on a machine readable media in sufficient detail, may be suitable to facilitate 
the manufacture of all or part of data processing system 160 including processing core 170. 
[0051] For one embodiment, SIMD coprocessor 161 comprises an execution unit 162 
and a set of register file(s) 164. One embodiment of main processor 165 comprises a 
decoder 165 to recognize instructions of instruction set 163 including SIMD shift merge 
instructions for execution by execution unit 162. For alternative embodiments, SIMD 
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coprocessor 161 also comprises at least part of decoder 165B to decode instructions of 
instruction set 163. Processing core 170 also includes additional circuitry (not shown) 
which is not necessary to the understanding of the present invention. 
[0052] In operation, the main processor 166 executes a stream of data processing 
instructions that control data processing operations of a general type including interactions 
with the cache memory 167, and the input/output system 168. Embedded within the stream 
of data processing instructions are SIMD coprocessor instructions. The decoder 165 of 
main processor 166 recognizes these SIMD coprocessor instructions as being of a type that 
should be executed by an attached SIMD coprocessor 161. Accordingly, the main 
processor 166 issues these SIMD coprocessor instructions (or control signals representing 
SIMD coprocessor instructions) on the coprocessor bus 166 where from they are received 
by any attached SIMD coprocessors. In this case, the SIMD coprocessor 161 will accept 
and execute any received SIMD coprocessor instructions intended for it. 
[0053] Data may be received via wireless interface 169 for processing by the SIMD 
coprocessor instructions. For one example, voice communication may be received in the 
form of a digital signal, which may be processed by the SIMD coprocessor instructions to 
regenerate digital audio samples representative of the voice communications. For another 
example, compressed audio and/or video may be received in the form of a digital bit 
stream, which may be processed by the SIMD coprocessor instructions to regenerate digital 
audio samples and/or motion video frames. For one embodiment of processing core 170, 
main processor 166, and a SIMD coprocessor 161 are integrated into a single processing 
core 170 comprising an execution unit 162, a set of register file(s) 164, and a decoder 165 
to recognize instructions of instruction set 163 including SIMD merge instructions. 
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[0054] Figure 2 is a block diagram of the micro-architecture for a processor 200 of one 
embodiment that includes logic circuits to perform a shift merge operation in accordance 
with the present invention. The shift right merge operation may also be referred to as a 
register merge operation and register merge instruction. For one embodiment of the shift 
merge instruction, the instruction can take data from the two memory blocks, shift one or 
more data elements out of one block, and append/merge the same number of shifted data 
elements from the other block to the first block to generate a resultant merged data block. 
The shift merge instruction can also be referred to as PSRMRG or packed shift merge or 
parallel shift merge. In this embodiment, the shift merge instruction can also be 
implemented to operate on data elements having sizes of byte, word, doubleword, 
quadword, etc. The in-order front end 201 is the part of the processor 200 that fetches the 
macro-instructions to be executed and prepares them to be used later in the processor 
pipeline. The front end 201 of this embodiment includes several units. The instruction 
prefetcher 226 fetches macro-instructions from memory and feeds them to an instruction 
decoder 228 which in turn decodes them into primitives called micro-instructions or micro- 
operations (also called micro op or uops) that the machine knows how to execute. The 
trace cache 230 takes decoded uops and assembles them into program ordered sequences or 
traces in the uop queue 234 for execution. When the trace cache 230 encounters a complex 
macro-instruction, microcode ROM 232 provides uops needed to complete the operation. 
[0055] Many macro-instructions are converted into a single micro-op, and others need 
several micro-ops to complete the full operation. In this embodiment, if more than four 
micro-ops are needed to complete a macro-instruction, the decoder 228 accesses the 
microcode ROM 232 to do the macro-instruction. For one embodiment, a shift merge 
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instruction can be decoded into a small number of micro ops for processing at the 
instruction decoder 228. In another embodiment, an instruction for a packed shift merge 
algorithm can be stored within the microcode ROM 232 should a number of micro-ops be 
needed to accomplish the operation. The trace cache 230 refers to an entry point 
programmable logic array (PLA) to determine a correct micro-instruction pointer for 
reading micro-code sequences for merge algorithms in the micro-code ROM 232. After 
the microcode ROM 232 finishes sequencing micro-ops for the current macro-instruction, 
the front end 201 of the machine resumes fetching micro-ops from the trace cache 230. 
[0056] Some SIMD and other multimedia types of instructions are considered complex 
instructions. Most floating point related instructions are also complex instructions. As 
such, when the instruction decoder 228 encounters a complex macro-instruction, the 
microcode ROM 232 is accessed at the appropriate location to retrieve the microcode 
sequence for that macro-instruction. The various micro-ops needed for performing that 
macro-instruction are communicated to the out-of-order execution engine 203 for 
execution at the appropriate integer and floating point execution units. 
[0057] The out-of-order execution engine 203 is where the micro-instructions are 
prepared for execution. The out-of-order execution logic has a number of buffers to 
smooth out and re-order the flow of micro-instructions to optimize performance as they go 
down the pipeline and get scheduled for execution. The allocator logic allocates the 
machine buffers and resources that each uop needs in order to execute. The register 
renaming logic renames logic registers onto entries in a register file. The allocator also 
allocates an entry for each uop in one of the two uop queues, one for memory operations 
and one for non-memory operations, in front of the instruction schedulers: memory 
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scheduler, fast scheduler 202, slow/general floating point scheduler 204, and simple 
floating point scheduler 206. The uop schedulers 202, 204, 206, determine when a uop is 
ready to execute based on the readiness of their dependent input register operand sources 
and the availability of the execution resources the uops need to complete their operation. 
The fast scheduler 202 of this embodiment can schedule on each half of the main clock 
cycle while the other schedulers can only schedule once per main processor clock cycle. 
The schedulers arbitrate for the dispatch ports to schedule uops for execution. 
[0058] Register files 208, 210, sit between the schedulers 202, 204, 206, and the 
execution units 212, 214, 216, 218, 220, 222, 224 in the execution block 211. There is a 
separate register file 208, 210, for integer and floating point operations, respectively. Each 
register file 208, 210, of this embodiment also includes a bypass network that can bypass or 
forward just completed results that have not yet been written into the register file to new 
dependent uops. The integer register file 208 and the floating point register file 210 are 
also capable of communicating data with the other. For one embodiment, the integer 
register file 208 is split into two separate register files, one register file for the low order 32 
bits of data and a second register file for the high order 32 bits of data. The floating point 
register file 210 of one embodiment has 128 bit wide entries because floating point 
instructions typically have operands from 64 to 128 bits in width. 

[0059] The execution block 211 contains the execution units 212, 214, 216, 218, 220, 
222, 224, where the instructions are actually executed. This section includes the register 
files 208, 210, that store the integer and floating point data operand values that the micro- 
instructions need to execute. The processor 200 of this embodiment is comprised of a 
number of execution units: address generation unit (AGU) 212, AGU 214, fast ALU 216, 
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fast ALU 218, slow ALU 220, floating point ALU 222, floating point move unit 224. For 
this embodiment, the floating point execution blocks 222, 224, execute floating point, 
MMX, SIMD, and SSE operations. The floating point ALU 222 of this embodiment 
includes a 64 bit by 64 bit floating point divider to execute divide, square root, and 
remainder micro-ops. For embodiments of the present invention, any act involving a 
floating point value occurs with the floating point hardware. For example, conversions 
between integer format and floating point format involve a floating point register file. 
Similarly, a floating point divide operation happens at a floating point divider. On the 
other hand, non-floating point numbers and integer type are handled with integer hardware 
resources. The simple, very frequent ALU operations go to the high-speed ALU execution 
units 216, 218. The fast ALUs 216, 218, of this embodiment can execute fast operations 
with an effective latency of half a clock cycle. For one embodiment, most complex integer 
operations go to the slow ALU 220 as the slow ALU 220 includes integer execution 
hardware for long latency type of operations, such as a multiplier, shifts, flag logic, and 
branch processing. Memory load/store operations are executed by the AGUs 212, 214. 
For this embodiment, the integer ALUs 216, 218, 220, are described in the context of 
performing integer operations on 64 bit data operands. In alternative embodiments, the 
ALUs 216, 218, 220, can be implemented to support a variety of data bits including 16, 32, 
128, 256, etc. Similarly, the floating point units 222, 224, can be implemented to support a 
range of operands having bits of various widths. For one embodiment, the floating point 
units 222, 224, can operate on 128 bits wide packed data operands in conjunction with 
SIMD and multimedia instructions. 

[0060] In this embodiment, the uops schedulers 202, 204, 206, dispatch dependent 
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operations before the parent load has finished executing. As uops are speculatively 
scheduled and executed in processor 200, the processor 200 also includes logic to handle 
memory misses. If a data load misses in the data cache, there can be dependent operations 
in flight in the pipeline that have left the scheduler with temporarily incorrect data. A 
replay mechanism tracks and re-executes instructions that use incorrect data. Only the 
dependent operations need to be replayed. The independent ones are allowed to complete. 
[0061] The term "registers" is used herein to refer to the on-board processor storage 
locations that are used as part of macro-instructions to identify operands. In other words, 
the registers referred to herein are those that are visible from the outside of the processor 
(from a programmer's perspective). However, the registers of an embodiment should not 
be limited in meaning to a particular type of circuit. Rather, a register of an embodiment 
need only be capable of storing and providing data, and performing the functions described 
herein. The registers described herein can be implemented by circuitry within a processor 
using any number of different techniques, such as dedicated physical registers, dynamically 
allocated physical registers using register renaming, combinations of dedicated and 
dynamically allocated physical registers, etc. In one embodiment, integer registers store 
thirty-two bit integer data. A register file of one embodiment also contains eight 
multimedia SIMD registers for packed data. For the discussions below, the registers are 
understood to be data registers designed to hold packed data, such as 64 bits wide MMX™ 
registers (also referred to as 'mm' registers in some instances) in microprocessors enabled 
with MMX technology from Intel Corporation of Santa Clara, California. These MMX 
registers, available in both integer and floating point forms, can operated with packed data 
elements that accompany SIMD and SSE instructions. Similarly, 128 bits wide XMM 
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registers relating to SSE2 technology can also be used to hold such packed data operands. 
In this embodiment, in storing packed data and integer data, the registers do not need to 
differentiate between the two data types. 

[0062] Figure 3A illustrates various packed data type representations in multimedia 
registers according to one embodiment of the present invention. Fig, 3A illustrates data 
types for a packed byte 310, a packed word 320, and a packed doubleword (dword) 330 for 
128 bits wide operands. The packed byte format 310 of this example is 128 bits long and 
contains sixteen packed byte data elements. A byte is defined here as eight bits of data. 
Information for each byte data element is stored in bit 7 through bit 0 for byte 0, bit 15 
through bit 8 for byte 1, bit 23 through bit 16 for byte 2, and finally bit 120 through bit 127 
for byte 15. Thus, all available bits are used in the register. This storage arrangement 
increases the storage efficiency of the processor. As well, with sixteen data elements 
accessed, one operation can now be performed on sixteen data elements in parallel. 
[0063] Generally, a data element is an individual piece of data that is stored in a single 
register or memory location with other data elements of the same length. In packed data 
sequences relating to SSE2 technology, the number of data elements stored in a XMM 
register is 128 bits divided by the length in bits of an individual data element. Similarly, in 
packed data sequences relating to MMX and SSE technology, the number of data elements 
stored in an MMX register is 64 bits divided by the length in bits of an individual data 
element. Although the data types illustrated in Fig. 3 A are 128 bit long, embodiments of 
the present invention can also operate with 64 bit wide or other sized operands. The 
packed word format 320 of this example is 128 bits long and contains eight packed word 
data elements. Each packed word contains sixteen bits of information. The packed 
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double word format 330 of Fig. 3 A is 128 bits long and contains four packed double word 
data elements. Each packed doubleword element contains thirty two bits of information. 
A packed quadword is 128 bits long and contains two packed quadword data elements. 
[0064] Figure 3B illustrates alternative in-register data storage formats. Each packed 
data can include more than one independent data element. Three packed data formats are 
illustrated; packed half 341, packed single 342, and packed double 343. One embodiment 
of packed half 341, packed single 342, and packed double 343 contain fixed-point data 
elements. For an alternative embodiment one or more of packed half 341, packed single 
342, and packed double 343 may contain floating-point data elements. One alternative 
embodiment of packed half 341 is one hundred twenty-eight bits long containing eight 16- 
bit data elements. One embodiment of packed single 342 is one hundred twenty-eight bits 
long and contains four 32-bit data elements. One embodiment of packed double 343 is one 
hundred twenty-eight bits long and contains two 64-bit data elements. It will be 
appreciated that such packed data formats may be further extended to other register lengths, 
for example, to 96-bits, 160-bits, 192-bits, 224-bits, 256-bits or more. 
[0065] Figure 3C is a depiction of one embodiment of an operation encoding (opcode) 
format 360, having thirty-two or more bits, and register/memory operand addressing modes 
corresponding with a type of opcode format described in the "IA-32 Intel Architecture 
Software Developer's Manual Volume 2: Instruction Set Reference," which is which is 
available from Intel Corporation, Santa Clara, CA on the world-wide-web (www) at 
intel.com/design/litcentr. The type of shift merge operation, may be encoded by one or 
more of fields 361 and 362. Up to two operand locations per instruction may be identified, 
including up to two source operand identifiers 364 and 365. For one embodiment of the 
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shift merge instruction, destination operand identifier 366 is the same as source operand 
identifier 364. For an alternative embodiment, destination operand identifier 366 is the 
same as source operand identifier 365. Therefore, for embodiments of a shift merge 
operation, one of the source operands identified by source operand identifiers 364 and 365 
is overwritten by the results of the shift merge operations. For one embodiment of the shift 
merge instruction, operand identifiers 364 and 365 may be used to identify 64-bit source 
and destination operands. 

[0066] Figure 3D is a depiction of another alternative operation encoding (opcode) 
format 370, having forty or more bits. Opcode format 370 corresponds with opcode format 
360 and comprises an optional prefix byte 378. The type of shift right merge operation, 
may be encoded by one or more of fields 378, 371, and 372. Up to two operand locations 
per instruction may be identified by source operand identifiers 374 and 375 and by prefix 
byte 378. For one embodiment of the merge instruction, prefix byte 378 may be used to 
identify 128-bit source and destination operands. For one embodiment of the shift merge 
instruction, destination operand identifier 376 is the same as source operand identifier 374. 
For an alternative embodiment, destination operand identifier 376 is the same as source 
operand identifier 375. Therefore, for embodiments of the shift merge operations, one of 
the source operands identified by source operand identifiers 374 and 375 is overwritten by 
the results of the shift merge operations. Opcode formats 360 and 370 allow register to 
register, memory to register, register by memory, register by register, register by 
immediate, register to memory addressing specified in part by MOD fields 363 and 373 
and by optional scale-index-base and displacement bytes. 

[0067] Turning next to Figure 3E, in some alternative embodiments, 64 bit single 
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instruction multiple data (SIMD) arithmetic operations may be performed through a 
coprocessor data processing (CDP) instruction. Operation encoding (opcode) format 380 
depicts one such CDP instruction having CDP opcode fields 382 and 389. The type of 
CDP instruction, for alternative embodiments of shift merge operations, may be encoded 
by one or more of fields 383, 384, 387, and 388. Up to three operand locations per 
instruction may be identified, including up to two source operand identifiers 385 and 390 
and one destination operand identifier 386. One embodiment of the coprocessor can 
operate on 8, 16, 32, and 64 bit values. For one embodiment, the merge operation is 
performed on fixed-point or integer data elements. In some embodiments, a merge 
instruction may be executed conditionally, using condition field 381. For some merge 
instructions source data sizes may be encoded by field 383. In some embodiments of a 
shift merge instruction, Zero (Z), negative (N), carry (C), and overflow (V) detection can 
be done on SIMD fields. For some instructions, the type of saturation may be encoded by 
field 384. 

[0068] In the examples of the following figures, a number of data operands are 
described. For simplicity, the data segments are labeled from letter A onwards 
alphabetically, wherein A is located at the lowest address and Z would be located at the 
highest address. Thus, A may be at address 0, B at address 1, C at address 3, and so on. 
Although the data sequences in some of the examples appear with the letters arranged in 
reverse alphabetic order, the addressing would still start with A at 0, B at 1, etc. 
Conceptually, a shift right operation, as in the shift right merge for one embodiment, entails 
right shifting the lower address data segments out if the sequence is D, C, B, A. Thus, a 
right shift simply shifts the data elements of a data block to the right past a stationary line. 
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Furthermore, a shift right merge operation can conceptually right shift the rightmost data 
segments from one operand into the left side of another data operand as if the two operands 
were on a continuum. 

[0069] Figure 4A is a block diagram of one embodiment of logic to perform a SMD 
parallel shift merge operation on data operands in accordance with the present invention. 
The PSRMRG instruction for a shift right merge (also, a register shift) operation of this 
embodiment begins with three pieces of information: a first data operand 402, a second 
data operand 404, and a shift count 406. In one embodiment, the PSRMRG shift merge 
instruction is decoded into one micro-operation. In an alternate embodiment, the 
instruction may be decoded into a various number of micro-ops to perform the shift merge 
operation on the data operands. For this example, the data operands 402, 404, are 64 bit 
wide pieces of data stored in a register/memory and the shift count 406 is an 8 bit wide 
immediate value. Depending on the particular implementation, the data operands and shift 
count can be other widths such as 128/256 bits and 16 bits, respectively. The first operand 
402 in this example is comprised of eight data segments: P, O, N, M, L, K, J, and I. The 
second operand 404 is also comprised of eight data segments: H, G, F, E, D, C, B, and A. 
The data segments here are of equal length and each comprise of a single byte (8 bits) of 
data. However, another embodiment of the present invention operates with longer 128 bit 
operands wherein the data segments are comprised of a single byte (8 bits) each and the 
128 bit wide operand would have sixteen byte wide data segments. Similarly, if each data 
segment was a double word (32 bits) or a quad word (64 bits), the 128 bit operand would 
have four double word wide or two quad word wide data segments, respectively. Thus 
embodiments of the present invention are not restricted to particular length data operands, 
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data segments, or shift counts, and can be sized appropriately for each implementation. 
[0070] The operands 402, 404 can reside either in a register or a memory location or a 
register file or a mix. The data operands 402, 404, and the count 406 are sent to an 
execution unit 410 in the processor along with a shift right merge instruction. By the time 
the shift right merge instruction reaches the execution unit 410, the instruction should have 
been decoded earlier in the processor pipeline. Thus the shift right merge instruction can 
be in the form of a micro operation (uop) or some other decoded format. For this 
embodiment, the two data operands 402, 404, are received at concatenate logic and a 
temporary register. The concatenate logic merges/joins the data segments for the two 
operands and places the new block of data in a temporary register. Here, the new data 
block is comprised of sixteen data segments: P, O, N, M, L, K, J, I, H, G, F, E, D, C, B, A. 
As this example is working with 64 bits wide operands, the temporary register need to hold 
the combined data is 128 bits wide. For 128 bits wide data operands, a 256 bits wide 
temporary register is needed. 

[0071] Right shift logic 414 in the execution unit 410 takes the contents of the 
temporary register and performs a logical shift right of the data block by n data segments as 
requested by the count 406. In this embodiment, the count 406 indicates the number of 
bytes to right shift. Depending on the particular implementation, the count 406 can also be 
used to indicated the number of bits, nibbles, words, double words, quad words, etc. to 
shift, depending on the granularity of the data segments. For this example, n is equal to 3, 
so the temporary register contents are shifted by three bytes. If each data segment was a 
word or double word wide, then the count can indicate the number of words or double 
words to shift, respectively. For this embodiment, 0's are shifted in from the left side of 
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the temporary register to fill up the vacated spaces as the data in the register is shifted right. 
Thus if the shift count 406 is greater than the number of data segments in a data operand 
(eight in this case), one or more O's can appear in the resultant 408. Furthermore, if the 
shift count 406 is equal to or exceeds the total number of data segments for both operands, 
the resultant will comprise of all O's, as all the data segments will have been shifted away. 
The right shift logic 414 outputs the appropriate number of data segments from the 
temporary register as the resultant 408. In another embodiment, an output multiplexer or 
latch can be included after the right shift logic to output the resultant. For this example, the 
resultant is 64 bits wide and includes eight bytes. Due to the shift right merge operation on 
the two data operands 402, 404, the resultant is comprised of the following eight data 
segments: K, J, I, H, G, F, E, and D. 

[0072] Figure 4B is a block diagram of another embodiment of logic to perform a shift 
right merge operation. Like the previous example of Fig. 4A, the shift right merge 
operation of this embodiment begins with three pieces of information: a first 64 bits wide 
data operand 402, a second 64 bits wide data operand 404, and a 8 bits wide shift count 
406. The shift count 406 indicates how many places to shift the data segments. For this 
embodiment, the count 406 is stated in number of bytes. In an alternate embodiment, the 
count may indicate the number of bits, nibbles, words, double words, or quad words to 
shift the data. The first and second operands 402 in this example are each comprised of 
eight equal length, byte size data segments (H, G, F, E, D, C, B, A) and the second operand 
404 is comprised of eight data segments (P, O, N, M, L, K, J, I). The count n is equal to 3. 
Another embodiment of the invention can operate with alternative length operands and data 
segments, such as 128/256/512 bits wide operands and bit/byte/word/double word/quad 
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word sized data segments and 8/16/32 bits wide shift counts. Thus embodiments of the 
present invention are not restricted to particular length data operands, data segments, or 
shift counts, and can be sized appropriately for each implementation. 
[0073] The data operands 402, 404, and the count 406 are sent to an execution unit 420 
in the processor along with a shift right merge instruction. For this embodiment, the first 
data operand 402 and the second data operand 404 are received at shift left logic 422 and 
shift right logic 424, respectively. The count 406 is also sent to the shift logic 422, 424. 
The shift left logic 422 shifts data segments for the first operand 402 left by the "number of 
data segments in the first operand - n" number of segments. As the data segments are 
shifted left, 0's are shifted in from the right side to fill up the vacated spaces. In this case, 
there are eight data segments, so the first operand 402 is shifted left by eight minus three, 
or five, places. The first operand 402 is shifted by this different value to achieve the 
correct data alignment for merging at the logical OR gate 426. After the left shift here, the 
first data operand becomes: K, J, I, 0, 0, 0, 0, 0. If the count 406 is greater than the number 
of number of data segments in the operand, the shift left calculation can yield a negative 
number, indicating a negative left shift. A logical left shift with a negative count is 
interpreted as a shift in the negative direction and is essentially a logical right shift. A 
negative left shift will bring in 0's from the left side of the first operand 402. 
[0074] Similarly, the shift right logic 424 shifts data segments for the second operand 
right by n number of segments. As the data segments are shifted right, 0's are shifted in 
from the left side to fill up the vacated spaces. The second data operand becomes: 0, 0, 0, 
H, G, F, E, D. The shifted operands are outputted from the shift left/right logic 422, 424, 
and merged together at the logical OR gate 426. The OR gate performs a logical or-ing of 
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the data segments and provides a 64 bits wide resultant 408 of this embodiment. The or- 
ing together of "K, J, 1, 0, 0, 0, 0, 0" with "0, 0, 0, H, G, F, E, D" generates a resultant 408 
comprising eight bytes: K, J, I, H, G, F, E, D. This result is the same as that for the first 
embodiment of the present invention in Fig, 4A. Note that for a count n 406 greater than 
the number of data elements in an operand, the appropriate number of 0's can appear in the 
resultant starting on the left side. Furthermore, if the count 406 is greater than or equal to 
the total number of data elements in both operands, the resultant will comprise of all 0's. 
[0075] Figure 5A illustrates the operation of a parallel shift merge instruction in 
accordance with a first embodiment of the present invention. For these discussions, MM1 
504, MM2 506, TEMP 532, and DEST 542, are generally referred to as operands or data 
blocks, but are not restricted as such and also include registers, register files, and memory 
locations. In one embodiment MM1 504 and MM2 506 are 64 bits wide MMX registers 
(also referred to as 'mm' in some instances). At the state 1 500, a shift count imm[j] 502, a 
first operand MMl[x] 504, and a second operand MM2[x] 506 are sent with the parallel 
shift right merge instruction. The count 502 is an immediate value of y bits width. The 
first 504 and second 506 operands are data blocks including jc data segments and having 
total widths of Sx bits each if each data segment is a byte (8 bits). The first 504 and second 
506 operands are each packed with a number of smaller data segments. For this example, 
the first data operand MM1 504 is comprised of eight equal length data segments: P 511, O 
512, N 513, M 514, L 515, K 516, J 517, 1 518. Similarly, the second data operand MM2 
506 is comprised of eight equal length data segments: H 521, G 522, F 523, E 524, D 1225, 
C 526, B 527, A 528. Thus each of these data segments are 'x * 8' bits wide. So if x is 8, 
each operand is 8 bytes or 64 bits wide. For other embodiments, a data element can be a 
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nibble (4 bits), word (16 bits), double word (32 bits), quad word (64 bits), etc. In alternate 
embodiments, x can be 16, 32, 64, etc. data elements wide. The count y is equal to 8 for 
this embodiment and the immediate can be represented as a byte. For alternate 
embodiments, y can be 4, 16, 32, etc. bits wide. Furthermore, the count 502 is not limited 
to an immediate value and can also be stored in a register or memory location. 
[0076] The operands MM1 504 and MM2 506 are merged together at state II 530 to 
form a temporary data block TEMP[2jc] 532 of 2x data elements (or bytes in this case) 
wide. The merged data 532 of this example is comprised of sixteen data segments 
arranged as: P, O, N, M, L, K, J, I, H, G, F, E, D, C, B, and A. An eight byte wide window 
534 frames eight data segments of the temporary data block 532, starting from the 
rightmost edge. Thus the right edge of the window 534 would line up with the right edge 
of the data block 532 such that the window 534 frames data segments: H, G, F, E, D, C, B, 
and A. The shift count n 502 indicates the desired amount to right shift the merged data. 
The count value can be implemented to state the shift amount in terms of bits, nibbles, 
bytes, words, double words, quad words, etc., or particular number of data segments. 
Based on the count value 502, the data block 532 is shifted right 536 by n data segments 
here. For this example, n is equal to 3 and the data block 532 is slid three places to the 
right. Another way of looking at this is to shift the window 534 in the opposite direction. 
In other words, the window 534 can be conceptually viewed as shifting three places to the 
left from the right edge of the temporary data block 532. For one embodiment, if the shift 
count n is greater than the total number of data segments, 2x, present in the combined data 
block, the resultant would comprise of all '0's. Similarly, if the shift count n is greater than 
or equal to the number data segments, x, in an the first operand 504, the resultant would 
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include one or more 'O's starting from the left side of the resultant. At state IE 540, the 
data segments (K, J, I, H, G, F, E, D) framed by the window 534 is outputted as a resultant 
to an x data elements wide destination DEST[jc] 542. 

[0077] Figure 5B illustrates the operation of a shift right merge instruction in 
accordance with a second embodiment. The shift right merge instruction is accompanied at 
state 1 550 by a count imm[jy] of y bits, a first data operand MM1[jc] of x data segments, and 
as second data operand MM2[x] of x data segments. As with the example of the Fig. 5 A, y 
is equal to 8 and x is equal to 8, wherein MM1 and MM2 each being 64 bits or 8 bytes 
wide. The first 504 and second 506 of this embodiment are packed with a number of 
equally sized data segments, each a byte wide in this case, "P 511, O 512, N 513, M 514, L 
515, K 516, J 517, 1 518" and H 521, G 522, F 523, E 524, D 525, C 526, B 1227, A 528", 
respectively. 

[0078] At state H 560, the shift count n 502 is used to shift the first 504 and second 506 
operands. The count of this embodiment indicates the number of data segments to right 
shift the merged data. For this embodiment, the shifting occurs before the merging of the 
first 504 and second 506 operands. As a result, the first operand 504 is shifted differently. 
In this example, the first operand 504 is shifted left by x minus n data segments. The "jc - 
n" calculation allows for proper data alignment at later data merging. Thus for a count n of 
3, the first operand 504 is shifted to the left by five data segments or five bytes. There are 
0's shifted in from the right side to fill the vacated spaces. But if shift count n 502 is 
greater than the number of number of data segments x available in first operand 504, the 
shift left calculation of "jc - n" can yield a negative number, which in essence indicates a 
negative left shift. In one embodiment, a logical left shift with a negative count is 
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interpreted as a left shift in the negative direction and is essentially a logical right shift. A 
negative left shift will bring in O's from the left side of the first operand 504. Similarly, the 
second operand 506 is shifted right by the shift count of 3 and O's are shifted in from the 
left side to fill the vacancies. The shifted results are held for the first 504 and second 506 
operands are stored in x data segments wide registers TEMPI 566 and TEMP2 568, 
respectively. The shifted results from TEMPI 566 and TEMP2 568 are merged together 
572 to generate the desired shift merged data at register DEST 542 at state HI 570. If shift 
count n 502 is greater than jc, the operand can contain one or more O's in the resultant from 
the left side. Furthermore, if shift count n 502 is equal to 2x or greater, the resultant in 
DEST 542 will comprise of all O's. 

[0079] In the above examples, such as in Figs. 5A and 5B, one or both MM1 and MM2 
can be 64 bits data registers in a processor enabled with MMX/SSE technology or 128 bits 
data registers with SSE2 technology. Depending on the implementation, these registers 
can be 64/128/256 bits wide. Similarly, one or both of MM1 and MM2 can be memory 
locations other than a register. In the processor architecture of one embodiment, MM1 and 
MM2 are source operands to a shift right merge instruction (PSRMRG) as described above. 
The shift count IMM is also an immediate to such a PSRMRG instruction. For one 
embodiment, the destination for the resultant, DEST, is also a MMX or XMM data 
register. Furthermore, DEST may be the same register as one of the source operands. For 
instance, in one architecture, a PSRMRG instruction has a first source operand MM1 and a 
second source operand MM2. The predefined destination for the resultant can be the 
register for the first source operand, MM1 in this case. 

[0080] Figure 6A is a flowchart illustrating one embodiment of a method to shift and 



-36- 



Atty Docket No. 42P 15766 



merge data operands. The length values of L is generally used here to represent the width 
of the operands and data blocks. Depending on the particular embodiment, L can be used 
to designate the width in terms of number of data segments, bits, bytes, words, etc. At 
block 602, a first length L data operand is received for use with the execution of a shift 
merge operation. A second length L data operand for the shift merge operation is also 
received at block 604. A shift count to indicated how many data segments or distance, in 
bits/nibbles/bytes/words/double words/quad words, is received at block 606. Execution 
logic at block 608 concatenates the first operand and the second operand together. For one 
embodiment, a temporary length 2L register holds the concatenated data block. In an 
alternated embodiment, the merged data is held in a memory location. At block 610, the 
concatenated data block is shifted right by the shift count. If the count is expressed as a 
data segment count, then the data block is shifted right by that many data segments and 0's 
are shifted in from the left along the most significant end of the data block to fill the 
vacancies. If the count is expressed in bits or bytes, for example, the data block is similarly 
right shifted by that distance. At block 612, a length L resultant is generated from the right 
hand side or least significant end of the shifted data block. For one embodiment, the length 
L amount of data segments are muxed from the shifted data block to a destination register 
or memory location. 

[0081] Figure 6B is a flowchart illustrating another embodiment of a method to shift 
right and merge data. A first length L data operand is received for processing with a shift 
right and merge operation at block 652. A second length L data operand is received at 
block 654. At block 656, a shift count to indicate the desired right shift distance. The first 
data operand is shifted left at block 658 based on a calculation with the shift count. The 
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calculation of one embodiment comprises subtracting the shift count from L. For instance, 
if operand length L and shift count are in terms of data segments, then the first operand is 
shifted left by "L - shift count" segments, with O's shifting in from the least significant end 
of the operand. Similarly, if L is expressed in bits and the count is in bytes, the first 
operand would be shifted left by "L - shift count * 8" bits. The second data operand is 
shifted right at block 660 by the shift count and O's shifted in from the most significant end 
of the second operand to fill vacancies. At block 662, the shifted first operand and the 
shifted second operand are merged together to generate a length L resultant. For one 
embodiment, the merging yields a result comprising the desired data segments from both 
the first and second operands. 

[0082] One increasingly popular use for computers involves manipulation of extremely 
large video and audio files. Even though these video and audio are typically transferred via 
very high bandwidth networks or high capacity storage media, data compression is still 
necessary in order to handle the traffic. As a result, different compression algorithms are 
becoming important parts of the representation or coding scheme for many popular audio, 
image, and video formats. Video in accordance with one of the Motion Picture Expert 
Group (MPEG) standards is one application that uses compression. 
[0083] For one embodiment, a predetermined amount of data is loaded from a 
bitstream into a temporary bitstream buffer. This implementation is enabled to track the 
number of remaining data bits in the temporary buffer and to check whether enough bits 
remain to extract another symbol. If an insufficient number of unprocessed bits remain, 
meaning not all the requisite bits for the present symbol being extracted have been loaded, 
the bitstream buffer is refilled with additional data bits from the bitstream. The algorithm 
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of this embodiment employs a shift merge instruction to create a new block of data based 
on the remaining bits in the temporary buffer and on bitstream data. The pointer to the 
current bitstream position is also adjusted to account for the data load. Similarly, the bit 
count for the temporary buffer is also updated to reflect the total number of data bits now 
present. During the symbol extraction for one embodiment, an individual symbol is 
gradually extracted from the temporary bitstream buffer and unnecessary data bits on the 
leading edge of the data block are shifted out. In this embodiment, the associated bits for 
each decoding symbol are moved from the temporary buffer to a general purpose register. 
One embodiment of the present invention can be included with MPEG-2 VLD code. 
[0084] Figs. 7A-B illustrate the extraction of symbols having varying bit granularity 
from a bitstream. Fig. 7A illustrates a scenario for a bitstream buffer manipulation with a 
SMD shift merge instruction in accordance with one embodiment of the present invention 
where a sufficient number of unprocessed data bits from the bitstream are available in the 
temporary bitstream buffer. In this embodiment, multimedia data for an audio and/or video 
is communicated along a data bitstream 710. Depending on the particular implementation, 
bitstream 710 can be a live stream of data or a stream of data presently located within 
memory. The portion of bitstream 710 in this example includes data blocks A 711, B 712, 
C 713, and D 714. Although a limited number of data blocks are shown for the bitstream 
710, the bitstream can be considered as having a plurality of additional other data blocks or 
treated as a long stream of data being fed from a source. The data blocks here can be of 
any predetermined size. For one embodiment, each data block is a doubleword wide. Data 
is loaded 715 from the bitstream 710 to a temporary bitstream buffer 720. This temporary 
buffer 720 can be a memory location or a register, such as a 64-bit MMX register or a 128- 
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bit XMM register. For this example, the buffer 720 is a 64-bit SIMD register that can hold 
two data blocks worth of bitstream data. Data for the two data blocks A 711 and B 712 are 
shown loaded 715 into buffer 720. 

[0085] The contents of the temporary buffer 720 as shown in Fig, 7A includes three 
complete symbols (El 721, E2 722, E3 723) and a portion of another symbol (E4a 724). 
Note that these symbols are of varying length. Symbol El 721 is comprised of jc-bits, 
symbol E2 722 is comprised of y-bits, and symbol E3 723 is comprised of z-bits. For one 
embodiment, the algorithm tracks the number of bits that are processed from the buffer 720 
for each symbol is extracted and also keeps a tally of the remaining number of unprocessed 
bits remaining in the buffer 720. During the symbol extraction algorithm, each symbol is 
copied or shifted from the temporary buffer 720 into a destination such as a general 
purpose register. The general purpose registers 734, 735, 736, here are of smaller size than 
the buffer 720 and can be used to further manipulate the extracted symbols. However, as 
the symbol size can vary, not all the bits in a register may be needed and certain unused bits 
can be zeroed or ignored. These unused bit locations are illustrated as cross hatching in 
registers 734, 735, 736. In this embodiment, all of the symbols that have all its respective 
bits from the bitstream 710 present in the temporary buffer 720, are extracted out. Thus the 
x-bits of symbol El 721 are extracted 731 to a first register 734, the y-bits of symbol E2 
722 are extracted 732 to a second register 735, and the z-bits of symbol E3 723 are 
extracted 733 to a third register 736. As for the symbol E4a 724 that does not have all its 
needed bits available from the bitstream 720 in the temporary buffer 720, that symbol can 
not be extracted just yet. Additional data bits have to be loaded from bitstream 720 into 
the buffer 720 and merged with the remaining unprocessed bits, the partial symbol bits for 
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E4a 724 in this case. 

[0086] Fig. 7B further illustrates the related scenario from Fig. 7A for manipulating a 
bitstream buffer in accordance with one embodiment of the present invention wherein an 
insufficient number of unprocessed data bits from the bitstream are available in the 
temporary bitstream buffer. Here, an additional thirty two bits for the next data block C 
713 in the bitstream 710 have to be loaded and merged with the remaining unprocessed bits 
for E4a 724 that already reside in the temporary bitstream buffer 720. Like elements from 
Fig. 7A are similarly labeled in Fig. 7B. As from above, symbols El 721, E2 722, and E3 
723 that were located in data blocks A 711 and B 712 are extracted from the temporary 
bitstream buffer 720. An examination of C 713 of this example can show that partial 
symbol E4b 726 having e-bits and other bits of other symbols, such as symbol E5 727, are 
located within the block 713. In this example, E5 727 happens to fall on a 32 bit boundary. 
Although the data block C 713 as shown in this instance appears less than a full register 
length of data, the amount of data loaded from the bitstream to a register in performing a 
merge operation can vary based on the amount of data needed. In one embodiment, a 
sufficient amount of data is loaded from the bitstream 710 each time to fill a register. 
[0087] Partial symbols E4a 724 and E4b 726 together form a complete symbol E4 746. 
In order to correctly extract the symbol E4 724, the partial bits from E4a 724 and E4b 726 
have to be properly joined together. The use of a shift merge operation 740 allows for the 
merging of blocks of data from temporary buffer 720 and block C 713 of bitstream 710. In 
this embodiment, the shift merge operation is performed at a byte granularity along byte 
boundaries. For the example of Fig. 7B, the shift count is four because data block C 713 is 
a doubleword, or four bytes, in length. Thus, a doubleword containing E4a 724 is shifted 
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741 and merged 743, with the doubleword that includes E4b 726 into a temporary 
bitstream buffer 744. For one embodiment, buffers 720 and 744 can be the same buffer. 
Note that the shift merge operation 740 caused the doubleword B 712 from buffer 720 to 
shift to the upper portion of the destination buffer 744 and doubleword C 713 was shifted 
into the lower portion, while the two portions were properly merged together at the middle. 
[0088] The contents of this temporary buffer 744 includes 'do not care' bits 745, the 
now complete symbol E4 746, and other symbols, such as symbol E5 727. In this example, 
the 'do not care' bits 745 can include parts or all of E2 722 or E3 723, depending on where 
the merge occurs. Symbol E4 746 is comprised of g-bits and E5 727 is comprised of /-bits. 
In this example, g of E4 746 is equal to the sum of d and e for E4a 724 and E4b 726, 
respectively. The variable length decoding algorithm extracts the complete symbols from 
buffer 744. Thus the g-bits of merged symbol E4 746 are extracted 747 to a fourth register 
749 and the f-bits of symbol E5 727 are extracted 748 to a fifth register 750. Depending on 
the symbol size, not all of the bits in a register may needed. Unused bit locations are 
shown in cross hatch in registers 749, 750. 

[0089] Although a plurality of the symbols in Figs. 7A-B, such as El 721, were byte 
aligned, a number, such as E 2 722 and E3 733, are not. Furthermore, the bit granularity of 
the symbol length can cause symbol boundaries to exist at inconvenient places. Whereas 
byte boundaries can be easily handled, data not byte aligned may not be as easily handled 
without a shift merge type of operation to synchronize and merge broken up symbols such 
as E4 746. Depending on the particular embodiment, additional features can be 
implemented to further enhance performance. For instance, the shift merge instruction and 
the shift merge operation as described in the examples above can also be implemented with 
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bit granularity. Thus the shift merge operation can better focus on the bits of interest when 
loading data from the bitstream, instead of having to operate at byte aligned boundaries. 
Similarly, a shift merge instruction can be tuned to operate specifically with four or six 
byte operands at predetermined memory address boundaries to minimize the address 
calculations for memory loads during the data merge. For instance, a four byte operand 
shift merge instruction could be used in the example Fig. 7B as the blocks of data from the 
bitstream 710 are a doubleword in length. 

[0090] Figures 8A-C are flowcharts illustrating one embodiment of a method to 
manipulate a bitstream buffer with a SMD merge instruction. The flowchart 810 at Fig. 
8A illustrates a first portion of the algorithm for one embodiment. At block 812, a 
bitstream of data is received. A block of data is loaded from the bitstream at block 814. 
Depending on the implementation, the bitstream can be located in a type of memory. The 
number of data blocks that can be loaded can vary based on the size of the temporary buffer 
used to hold data bits for processing and symbol extraction. At block 820, a symbol is read 
out from the loaded data. For this embodiment, each symbol read out is complete in terms 
of its data bits and the symbol is sent to a register for further processing or use. A check is 
made at block 822 as to whether any more unprocessed data bits are left in the buffer. 
[0091] If the determination at block 822 is that no unprocessed bits are left, the flow 
proceeds to tab A 824 of the flowchart 830 in Fig. 8B. Tab A 824 leads to block 832, 
where a check is made as to whether more data is available in the bitstream. If no more 
bitstream data is present for processing, the algorithm is done. But if the determination is 
that more bitstream data is available at block 832, the next block of data is loaded at block 
834 for processing. In this instance, because no residual unprocessed bits were left in the 
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buffer from the previously loaded data, a shift merge is not needed and the newly loaded 
data can be operated on. The flow proceeds to tab C 816, which jumps back to reading out 
a symbol from the buffer at block 820. Thus the variable length decoding to extract 
symbols continues. 

[0092] If the determination at block 822 is that unprocessed bits are available, the flow 
proceeds to tab B 826 of the flowchart 840 in Fig. 8C. Tab B 825 lead to block 840, where 
a check is made as to whether a whole symbol is present within the unprocessed bits. If a 
whole symbol is present at block 840, the flow proceeds to tab D 818, which jumps back to 
reading out a symbol from the buffer at block 820. Thus the symbol extraction can 
continue on the presently loaded data. But if the determination at block 840 is that no 
whole symbol is present in the loaded data, a check is made at block 842 as to whether a 
partial piece of a symbol is located within the unprocessed bits. If the finding at block 842 
is that no partial piece of a symbol is present in the unprocessed bits, meaning that the 
remaining bits may be invalid or unrecognized, the flow proceeds to tab E 846. Tab 846 
leads back to block 832 to determine if more data is available in the bitstream and the 
decoding/extraction algorithm continues. If the finding at block 842 is that a partial 
symbol is present in the unprocessed bits, the next data block is loaded and these remaining 
unprocessed bits are merged with that data block. The flow continues back to tab D 818, 
which reads out a next symbol from the merged symbol data at block 820. For this 
situation, the next symbol at block 820 is the merged result of the partial symbol bits from 
block 842 and the corresponding partial symbol bits that were loaded with the bitstream 
data from block 844. The symbol extraction algorithm continues from block 820. 
[0093] Thus, techniques for a method for bitstream buffer manipulation with a SIMD 
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merge instruction are disclosed. While certain exemplary embodiments have been 
described and shown in the accompanying drawings, it is to be understood that such 
embodiments are merely illustrative of and not restrictive on the broad invention, and that 
this invention not be limited to the specific constructions and arrangements shown and 
described, since various other modifications may occur to those ordinarily skilled in the art 
upon studying this disclosure. In an area of technology such as this, where growth is fast 
and further advancements are not easily foreseen, the disclosed embodiments may be 
readily modifiable in arrangement and detail as facilitated by enabling technological 
advancements without departing from the principles of the present disclosure or the scope 
of the accompanying claims. 
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